Objective: In the context of increasing over-testing and the implications for patient safety, to establish the prevalence and nature of pathology test-ordering of GP trainees, and to describe the associations of this test-ordering. Design: A cross-sectional analysis of data from the Registrar Clinical Encounters in Training (ReCEnT) cohort study. Setting: Five of Australia's 17 general practice regional training providers, encompassing urban-tovery remote practices. Participants: GP trainees. Main Outcome Measure(s): The number of pathology tests ordered per problem/diagnosis managed. Results: A total of 856 individual trainees (response rate 95.2%) contributed data from 1832 traineeterms, 108 759 encounters and 169 304 problems. Pathology test-ordering prevalence was 79.3 tests (95% CI: 78.8-79.8) per 100 encounters, 50.9 (95% CI: 50.6-51.3) per 100 problems, and at least 1 test was requested in 22.4% of consultations. Most commonly ordered was full blood count (6.1 per 100 problems). The commonest problem prompting test-ordering was 'check-up' (18.6%). Test-ordering was significantly associated, on multivariable analysis, with the trainee having worked at the practice previously; the patient being adult, male and new to both trainee and practice; the practice being urban; the problem/diagnosis being new; imaging being ordered; referral being made and followup being arranged. Trainees were significantly less likely to order tests for problems/diagnoses for which they had sought in-consultation information or advice. Conclusions: Compared with the established GPs, trainees order more pathology tests per consultation and per problem managed, and in a higher proportion of consultations. Our findings will inform educational policy to enhance quality and safety in general practice training.
Introduction
Pathology tests play an important role in the diagnosis, monitoring and screening for disease in medical practice. The number of available tests has risen rapidly in recent decades, with the Royal College of Pathologists of Australasia manual now listing over 750 individual tests [1] . The use of laboratory tests is increasing in many countries [2] . In Australia, the number of Medicare-funded (governmentfunded) pathology tests increased by 54% from 2000-01 to 2007-08 [3] . Over this period, pathology costs increased from A$ 1.2 billion to almost A$ 1.9 billion. General practitioners (GPs) are responsible for initiating 70% of these tests [3] .
While much of this increase in testing may be appropriate, reflecting advances in technology and clinical knowledge, a growing body of evidence suggests that over-testing is a significant problem [4] . Australian data suggest that pathology testing is often not congruent with evidence-based consensus guidelines, with 25-75% of tests not supported by evidence or expert opinion [3] . Concerns have been raised about the inappropriate use of many common pathology tests, including full blood count (FBC) [5] , liver function tests (LFTs) [6] , vitamin B12 and folate [7] , thyroid function tests (TFTs) [8] , vitamin D [9] and prostate specific antigen [10] .
Inappropriate test-ordering directly increases health care expenditure, as well as resulting in opportunity costs (of appropriate evidence-based health care). Additionally, unexpected abnormal results can be problematic for the clinician to interpret and manage.
But, most importantly, over-testing can lead to patient harm. Overtesting is especially problematic in general practice, a setting where the pre-test probability of serious disease is generally low. This means that false-positive results are common, even in tests with reasonable specificity [11] . Both false-positive results and incidental findings can lead to a cascade of further tests [12] , so-called investigation momentum [13] . This, in turn, leads to a greater risk of complications and patient harm, as well as the potential for significant patient anxiety. Lastly, over-testing may lead to over-diagnosis, the circumstance where people without symptoms are diagnosed with a disease that ultimately will not cause them to experience symptoms or early death [14] . This can lead to unnecessary treatment, adding to the risk of harm.
In seeking to address the problem of over-testing, the epidemiology of test-ordering and other influences upon the test-ordering behaviours of doctors must be appreciated. A range of factors including doctor (demographics, knowledge, prior experience, personality, fear of litigation), patient (trust, anxiety), practice (billing practices) and systems (development of new tests) have been associated with test-ordering behaviours [2, 11, 15, 16] . It is particularly important to understand the factors influencing test-ordering practice in early-career doctors, as clinical behaviours established in training and early practice tend to persist [17] . Given that the majority of testing occurs in general practice, the test-ordering patterns of GP trainees are of particular interest.
Consulting with patients is the core learning activity of general practice training in Australia. Trainees (registrars) learn by the 'apprenticeship model'. While they have recourse to assistance and advice from experienced GP supervisors (trainers), they operate as independent practitioners (including for the purposes of ordering tests). Critical use of investigations is one of the core skills of the Royal Australian College of General Practitioners Common Training Outcomes [18] . However, there is evidence for a relative lack of training for Australian GP trainees in quality use of pathology [19] .
The test-ordering behaviour of GP trainees has not previously been described, in Australia or internationally. We aimed to describe the rate of pathology test-ordering of GP trainees, the type of tests ordered and for which problems they were ordered. We also aimed to establish trainee, patient, practice and consultation associations of test-ordering behaviour.
Methods

Participants
This was a cross-sectional analysis of data from the Registrar Clinical Encounters in Training (ReCEnT) cohort study. The study methodology has been described in detail elsewhere [20] . Briefly, ReCEnT is an ongoing cohort study of GP trainees' in-practice clinical experiences undertaken in 5 of Australia's 17 general practice regional training providers (RTPs), encompassing urban, rural, remote and very remote practices in 5 of Australia's 6 states.
General practice vocational training in Australia entails a minimum of three 6-month terms in the general practice setting.
Procedures
In ReCEnT, we document participating trainee characteristics and the characteristics of their training practice. Trainees record the details of 60 consecutive patient consultations, representing ∼1 week of consultations, each 6-month training term. Data collection is conducted around the mid-point of the term.
The analyses in this study used data from nine collection periods for the period 2010-14.
Outcome factors
The primary outcome factor was the number of pathology tests ordered per problem/diagnosis encountered by the trainee. Trainees recorded all pathology tests ordered (up to 12 per consultation), and these were linked to the problem/diagnosis for which they were ordered. A single pathology test could be linked to more than one problem/diagnosis.
Independent variables
Other variables in this analysis related to the trainee, patient, practice and the consultation.
Trainee factors were age, gender, training term, RTP enrolled with, place of medical qualification (Australia or international) and fulltime/part-time status.
Patient factors were age, gender, Aboriginal and Torres Strait Islander status, non-English-speaking background (NESB), new patient to the practice and new patient to the trainee.
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Practice factors included rurality, socioeconomic status of the practice location, practice size (number of GPs) and if the practice routinely bulk-bills (that is, there is no financial cost to the patient for the consultation). Practice postcode was used to define the Australian Standard Geographical Classification-Remoteness Area (ASGC-RA) classification [21] (the degree of rurality) and the Socioeconomic Index for Areas (SEIFA) Index of Disadvantage [22] of the practice location.
Consultation factors were duration of consultation, number of problems managed, whether the problem was new, whether imaging was ordered, whether a specialist referral was made and whether follow-up was ordered. Educational consultation factors included whether the trainee sought clinical information or assistance during the consultation (from their trainer, from a specialist or from electronic or hard-copy resources) or generated any learning goals.
We coded problems managed/diagnoses according to the International Classification of Primary Care, second edition classification system (ICPC-2PLUS) [23] . Individual diseases/problems are categorized in ICPC-2PLUS to 17 system-based chapters (cardiovascular, psychological, etc.). We coded problems/diagnoses as chronic diseases via an existing classification system derived from ICPC-2 PLUS [24] .
Data analysis
Descriptive analysis with consultation as the unit of analysis The mean (with SD) and median (with IQR) number of pathology tests per consultation were calculated. The proportion of consultations in which any pathology tests were ordered was calculated with 95% confidence intervals (CIs).
Analyses with problem/diagnosis as the unit of analysis We used the individual problem/diagnosis as the unit of analysis for our other analyses as much of our relevant data are linked to the problem/diagnosis (including tests ordered). The mean (with SD) and median (with IQR) number of pathology tests per problem/diagnosis were calculated. The proportion of problems/diagnoses for which any pathology tests were ordered was calculated with 95% CIs.
Univariate and multivariable analyses
The outcome variable (number of tests ordered per problem/diagnosis) had 13 response levels (0-12 tests ordered), and 83% of these responses were zero. A zero-inflated negative binomial (ZINB) regression model was used to account for this heavily skewed distribution. Likelihood ratio chi-square tests are presented for each independent variable to assess the overall contribution to the outcome, as well as Wald Z-tests (and 95% confidence intervals) assessing the contribution of the levels within an independent variable on the outcome.
Parameter estimation was within the generalized estimating equations (GEEs) framework to account for the repeated measures on trainees.
All variables with a P-value of <0.20 and a relevant effect-size in the univariate (ZINB regression) analysis were included in the multivariable regression model.
Analyses were programmed using STATA 13.1 and SAS V9.4.
Ethics approval
The ReCEnT project has approval from the University of Newcastle Human Research Ethics Committee, Reference H-2009-0323. 
Results
Demographics of trainees, patients and practices
Nature of tests ordered
The top twelve most common tests ordered are listed in Table 2 . The most common tests ordered were FBC (6.1 tests per 100 problems), electrolytes, urea and creatinine (4.6 tests per 100 problems) and LFTs (4.4 tests per 100 problems).
Problems for which tests were ordered
The top ten problems for which pathology was most frequently ordered are listed in Table 3 , with the most common being for 'check-up' (18.6%) and urinary tract infection (5.9%).
Associations of test-ordering
The associations of pathology test-ordering for a problem/diagnosis are presented in Table 4 . The multivariable analysis is presented in Table 5 . Test-ordering was significantly associated in the adjusted model with the trainee having worked at the practice previously, and the patient being adult, male and new to both the trainee and to the practice. The only statistically significant practice-level association was rurality, with trainees in major city practices more likely to order tests.
Consultation-related factors were the problem/diagnosis being new, imaging being ordered, referral made and follow-up being arranged. Trainees were significantly less likely to order tests for problems/diagnoses for which they had sought in-consultation information or advice but were more likely to generate learning goals for problem/diagnoses for which tests were ordered.
Discussion
We have found that trainees order pathology tests in about one in five encounters, with 'check-up' being the most common problem for which tests are ordered. As well, we identified a number of significant associations of test-ordering, relating to the trainee, practice and encounter. This is the first time the test-ordering behaviour of GP trainees has been described and one of very few studies describing test-ordering in general practice.
Comparison with other literature and interpretation of findings
Test-ordering prevalence and type of test Compared with established Australian GPs, trainees order pathology tests in more encounters (22.4% compared with 19.1%), in more problems managed (17.2% compared with 13.9%) and at a higher prevalence (50.9 compared with 31.0 per 100 problems managed) [25] . As well, once the decision to order is made, trainees order more pathology tests compared with the established GPs (296.1 compared with 232.2 per 100 problems).
There are a number of possible explanations for the higher test-ordering prevalence in GP trainees. Trainees usually enter general practice after exclusive hospital-based experience, a setting with a much greater focus on investigation and diagnostic certainty. As well, GP trainees may be less tolerant of uncertainty, due to their relative inexperience and unfamiliarity with managing undifferentiated illness. A low tolerance to uncertainty has been described as a causative factor in higher rates of testing [26] . This may be further compounded by other known factors in driving test-ordering: the 'need to reassure the patient' and patient pressure to order tests [26, 27] , both of which the trainee may be less-well-equipped to deal with than the experienced clinician. Furthermore, trainees may encounter a more acutely unwell patient population than established GPs due to structural issues in appointment allocation within practices.
While test-ordering by trainees was at a higher prevalence than the established GPs overall, the difference in the rates of specific tests ordered varied considerably. Trainees ordered a similar proportion of lipid tests (2.9 compared with 2.6 per 100 problems), but close to twice as many urine cultures (2.4 compared with 1.3) and C-reactive protein (CRP) tests (1.4 compared with 0.7), and three times as many LFTs (4.8 compared with 1.5) [25] .This is consistent with trainees seeing a more acutely unwell population with more undifferentiated presentations, and less chronic disease, than established GPs [28] .
The problems for which tests were ordered were similar to that of established GPs [25] . 3.4% of all pathology tests were ordered as follow-up of previously abnormal tests, the third most common problem recorded. While some of this further testing may well be The P-values are results from a likelihood ratio chi-square test for the overall contribution of each variable to the uncategorized counts, estimated from the ZINB regression GEE model. appropriate, this also probably illustrates 'investigation momentum' that can occur as a result of an initial abnormal or equivocal test [13] .
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Associations of test-ordering
A number of 'physician-related factors' that affect test-ordering behaviour have been described [15] , including age and gender. The only significant trainee-associated factor in our study was the trainee having worked in the practice previously (and this association was of a modest effect-size).
The association of increased test-ordering in adult patients compared with children reflects the increased screening, investigation and monitoring of disease in an adult population.
We found the rate of test-ordering to be significantly increased when the patient was new to the trainee and/or the practice. There is evidence that test-ordering can be driven by the imperative to 'strike while the iron's hot', thoroughly screening the patient while they are present [11] . This may also explain our finding of increased test-ordering in male patients, who are known to present less frequently than female patients [25] .
The rate of test-ordering was significantly increased in a major city compared with inner or outer regional location. This may reflect access to pathology providers being greater in the major cities than those in inner regional areas (which include rural and semi-rural areas), or issues related to health care access in rural areas [29] .
Consultation-related factors associated with more test-ordering were the problem being new, imaging being ordered, referral made and follow-up arranged. This is not unexpected and is consistent with tests being ordered at the first presentation of a complaint and for more complex problems.
The greater complexity of the problem is also suggested by the positive association with the generation of learning goals, meaning that trainees find such problems challenging. However, test-ordering was negatively associated with in-consultation information-seeking. This is a very important finding and may suggest that trainees use test-ordering as a diagnostic strategy for complex problems in preference to seeking information from sources like clinical guidelines. An alternative (but not mutually exclusive) explanation is that when trainees consult their trainer (with their greater experience, higher tolerance of uncertainty and greater knowledge) or other evidence-based information sources, this leads to less test-ordering.
Strengths and limitations
Our study has a number of strengths. The trainee participants had similar demographics (age, gender and IMG status) to the national GP trainee cohort [30] . As well, we conducted this study in five regional training providers across five Australian states, making the findings broadly generalizable to Australian general practice training. Our participant response rate was 95.2%, which is singularly high for a study recruiting GPs [31] .
We used a paper-based collection system. Though electronic formats have previously been used for tracking patient encounters, there is little evidence that this format improves accuracy or completeness of data collection [32] . Due to the large and diverse variety of software packages in Australian general practices, efficient extraction of routinely collected electronic data is currently impractical [33] . Furthermore, routinely recorded data in Australian general practice are likely to be of relatively poor quality compared with deliberately collected records, especially for problems managed.
We coded our data using ICPC2-plus, the international standard for classifying primary care data. The validity of this system has previously been demonstrated [34] . We compared our data with that of established Australian GPs from the same time period , incorporating a similar methodology to ours [25] .
Limitations of this study include this being a 'broad brush' analysis with the appropriateness of individual test-ordering decisions being beyond the resolution of our data. 
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A further limitation is that, from the patient point of view, our data contain a 'snapshot' of a single consultation with problems/diagnoses (and any tests ordered for them) recorded only for those problems/ diagnoses addressed in the consultation. We have no data on other diagnoses not addressed. Thus, we have no measure of comorbidities or overall patient health status, which may potentially be associated with trainees' test-ordering behaviour.
Furthermore, though our study is a longitudinal study of registrars, this analysis of test-ordering is cross-sectional and so we have established associations of test-ordering rather than causal relationships.
Implications for policy
Vocational training is arguably the most critical period in the development of future patterns of clinical practice for the GP. This includes the development of test-ordering behaviour, with the context being that over-testing is linked to increased health care expenditure and to patient harm [4] . Our findings are therefore of considerable importance in providing evidence on which to inform educational policy to enhance quality and safety in general practice training. The greater prevalence of test-ordering that we have demonstrated compared with established GPs (in whom it is regarded that over-testing is also problematic) suggests a focus on teaching of rational test-ordering strategies, management of uncertainty and evidence-based practice is indicated. The associations of test-ordering that we have established will inform specific educational approaches within these areas of focus.
A number of general and specific strategies for teaching and learning rational test-ordering have been described [35] . These include explicitly practising patient-centred care [36] and shared decisionmaking [37] , and undertaking a thorough clinical assessment [38] . This is in the context of evidence that requesting diagnostic tests for patients with a low risk of serious illness generally does little to reassure patients or reduce anxiety [39] .
Dealing with uncertainty is an essential skill for GPs. One of the most important drivers for 'superfluous' test-ordering in the context of an unexplained complaint is diagnostic uncertainty [26] . A number of practical and teachable strategies have been described for this purpose, including access to and use of guidelines and watchful waiting [40, 41] .
Test-ordering should be guided by evidence-based clinical guidelines where they exist, and trainees should be directed to these guidelines and educated in their use, e.g. investigation of fatigue [42] , and preventive health and screening [18] . We found that in-consultation use of information sources was associated with less test-ordering. This supports specific training in guideline use and trainer rolemodelling [43] .
Our findings also reinforce the need for review of general practice policy and procedures for test-ordering. There is evidence that changing the format of laboratory test order forms can change the test-ordering behaviour of primary care physicians [44] , and practice test-ordering software can be modified to avoid the option of batch testing (ordering of multiple tests for a clinical syndrome, for example 'antenatal screen', 'diabetes check').
Implications for further research
Particular aspects of trainee test-ordering demand further analysis, including qualitative exploration for reasons for greater test-ordering, the appropriateness of specific tests ordered for specific problems and the effect of educational interventions on rational test-ordering. The ReCEnT study methodology, as a cohort study, will also allow examination of changes in trainee test-ordering over the course of training.
